Because colorectal epithelia are prone to malignant transformation, it is important to understand their normal regulation and then to identify differences between the normal cells and the transformed cells. We investigated the gene expression pattern along colonic crypts using a novel gene expression analysis strategy. We combined laser-mediated microdissection of distinct areas within colonic crypts and used modified RNA arbitrarily primed PCR to generate probes for cDNA array hybridization. In the basal part of the crypt, proliferation-related and cell cycle-related genes such as the multifunctional transcription factor e2f-1 or the mismatch-related gene p58/HHR23B were predominantly expressed. In the lumenal part of the crypt, up-regulations of the cysteine protease mch4 and the proto-oncogene c-jun were found. Our findings indicate that e2f1, p58/HHR23B, and mch4 may be involved in key mechanisms leading to malignant transformation in the colonic crypt. Our results also suggest that the technique elucidated here allows identification of gene expression patterns in distinct areas of intestinal tissue samples. (Lab Invest 2001, 81:1233-1242.
B
ecause colorectal epithelia are prone to malignant transformation it is essential to understand their normal regulation and gene expression pattern. A known gene expression pattern should allow identification of key mechanisms that become apparent and are activated in transformed cells. Intestinal epithelial cells derive from stem cells at the base of the crypt. After migrating along the crypt axis, they detach and are shed after reaching the lumenal surface. In the shedding region, intestinal epithelial cells have apoptotic features. Programmed cell death is thought to play an important role in completing the life cycle of these cells (Potten and Allen, 1977) .
However, the molecular mechanisms and signaling pathways that establish and maintain the balance between cellular proliferation, differentiation, and senescence of epithelial cells within the colonic crypt remain largely unknown. Therefore, the identification of a specific gene expression profile in the normal colonic crypt might facilitate a better understanding of the complexity of this microenvironment, and could also have important implications for the study of gastrointestinal carcinogenesis. Because the analysis of differential gene expression of distinct areas such as single colonic crypts was impossible, we developed a novel molecular strategy that allowed the examination of the gene expression pattern along normal colonic crypts.
At present, the study of gene expression in tissue samples is mostly limited by mixed cell populations. The problem of cell heterogeneity has been a significant barrier to the detailed molecular analysis of normal or diseased tissue. Therefore, the preparation of exactly defined, microscopic tissue samples by laser-mediated microdissection (LMM) (Bonner et al, 1997; Emmert-Buck et al, 1996; Simone et al, 1998; Suarez-Quian et al, 1999) provides more specific results.
LMM was developed to provide a rapid and efficient method of capturing and preserving cells of interest from tissue with direct microscopic visualization. After locating the cell(s) of interest under the microscope, a focused, pulsed laser beam is used to encircle the chosen cells, forming a clear-cut gap. The selected area is then transferred via laser pressure catapulting into the cap of a microfuge tube. The procured cells are morphologically intact, can be examined microscopically, and the histologic identity of the captured material can be verified. The immediate immersion of the captured cells into the extraction buffer without manual manipulation further minimizes contamination, which is especially important for PCR-based analysis. Laser treatment does not alter subsequent DNA analysis (Cerroni et al, 1997; Emmert-Buck et al, 1996; Tam et al, 1999) or RNA analysis (Emmert-Buck et al, 1996; Fend et al, 1999; Goldsworthy et al, 1999; Nagasawa et al, 2000; Schutze and Lahr, 1998; Sgroi et al, 1999) . Additionally, native proteins can be recovered and assayed for function and activity (EmmertBuck et al, 1996) or for proteomic analysis (EmmertBuck et al, 2000) .
Cell-specific gene expression patterns of purified cell populations can facilitate the understanding of the molecular basis of cellular events such as proliferation or apoptosis. However, until now, all known screening methods of differential gene expression such as serial analysis of gene expression (Velculescu et al, 1995) , subtractive screening (Davis et al, 1987; Diatchenko et al, 1996; Duguid et al, 1988) , or cDNA expression arrays (DeRisi et al, 1996; Schena et al, 1995) were limited by the requirement of high amounts (up to 5 g) of intact, DNA-free mRNA. Trenkle et al (1998) showed that differential screening of arrays can be considerably improved by systematically increasing the contribution of rare transcripts to the probe. One approach to generate probes with an increased representation of rare mRNAs is to amplify the messages via RNA arbitrarily primed PCR (RAP-PCR). RAP-PCR samples a reproducible subset of the mRNA based on the best match with the arbitrary primers used (Welsh and McClelland, 1990) .
In this report, a novel gene expression analysis strategy is demonstrated using the differential display approach of RAP-PCR fingerprinting to generate differential screening probes for cDNA expression arrays. This novel strategy to identify gene expression profiles from very small, histologically defined tissue samples prepared by LMM was developed to study the gene expression pattern of normal colonic crypts. Using this novel approach, we were able to investigate the gene expression pattern of the basal part of colonic crypts versus the lumenal part.
Results

Efficiency of Different Tissue Fixation Methods
Complete dehydration of the tissue is necessary for effective LMM transfer. Optimal fixation must provide acceptable morphology, allow adequate laser capture of selected cells, and preserve the integrity of the mRNA. Cross-linking fixatives such as formalin are less suitable for RNA-based applications than precipitative fixatives such as ethanol and acetone (Goldsworthy et al, 1999) . To test the efficiency of different tissue fixation methods, we compared the following precipitative dehydration methods for the cryosections: acetone, 70% ethanol, 100% ethanol, and ethanol/acetic acid (19:1). All experiments were performed at room temperature and at Ϫ20°C for 5 to 10 minutes or 60 minutes.
Optimal fixation (stability and yield of RNA) for the frozen sections was achieved with the ethanol/acetic acid mixture (19:1) at Ϫ20°C for approximately 5 to 10 minutes. The quality of the RNA was controlled by RT-PCR, using primers for housekeeping genes (glyceraldehyde-3-phosphate-dehydrogenase, beta2-microglobulin, ␤-actin; Clontech, Palo Alto, California) (data not shown).
RNA Fingerprinting
Standard RNA concentrations used for fingerprinting are 100 to 500 ng per reaction. Because LMM material does not provide this amount of RNA, we analyzed samples of 10 1 , 10 2 , 10 3 , 10 4 , 10 5 , and 10 6 HT-29 cells (colon cancer cell line; Deutsche Sammlung für Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany) by standard RAP-PCR to test the stability and reproducibility of the fingerprint. To be suitable for either gel-or array-based analysis, RAP-PCR fingerprints are required to be identical in parallel reactions with a sample of the same RNA stock solution. Only 10 5 and 10 6 cells were sufficient to perform standardized RAP-PCR. The problem of the low quantity of RNA was solved by using a nested PCR strategy to synthesize the second strand (see "Materials and Methods"). With the introduction of this amplification step, high quality RAP-PCR fingerprints were achievable from lower RNA quantities, derived from at least 20 cells of the HT-29 cell line per reaction (data not shown). Primer combinations using three different primers for reverse transcription and one nested primer set for RAP-PCR were examined. The optimal primer combination was OPN23/OPN21 and OPN21 nested.
Using nested RAP-PCR fingerprinting to examine tissue obtained by LMM, approximately 100 cells were required for adequate reproducibility. RNA preparation from colonic tissue is always critical because of the high enzymatic activity in the colon. Our experiments have shown that fresh immediately frozen endoscopic biopsies are optimal for RAP-PCR with low cell quantities. Low quality RAP-PCR fingerprints were usually the consequence of insufficient RNA quality. Because low amounts of genomic DNA can contribute to the fingerprints, intensive DNase treatment (see "Materials and Methods") is important, especially where LMM samples are used. To test for DNA contamination, one reaction was performed without reverse transcriptase.
Hybridization to Arrays
RAP-PCR amplifications were used as probes for hybridization to arrays. Figure 1 shows a RAP-PCR fingerprint of RNA from LMM samples (approximately 10 2 cells of a colonic crypt), carried out in duplicate. Only reactions that fulfilled the criteria of reproducibility in standard gel electrophoresis were used. All reactions were first analyzed by gel electrophoresis and autoradiography to check the quality of the RAP-PCR step (Fig. 1) . Because the array method has such high throughput, this extra control step can greatly improve efficiency by reducing the number of false positives caused by poor RAP-PCR stability.
To hybridize cDNA arrays, high activity radioactive probes are necessary. These were prepared during Lechner et al 
RAP-PCR amplification by introducing [␣-
32 P]dATP instead of unlabeled dATP. These radiolabeled probes were then hybridized to Clontech cDNA-arrays.
Microdissection and Differential Gene Expression Analysis of Colonic Crypts
The combination of LMM and cDNA expression arrays provides a unique opportunity to study gene expression of subpopulations of cells isolated from their native environment (tissue). We examined differential gene expression within normal colonic crypts by comparing the basal (Fig. 2a) versus the lumenal parts of the crypt (Fig. 2b) . Colonic crypts were separated by LMM into the basal part of the crypt and into the lumenal part of the crypt (Fig. 2) .
One-third of each preamplification reaction (first step of nested RAP-PCR) was checked after nested RAP-PCR for stability by gel electrophoresis (for experimental design, see Fig. 3 ). Figure 1 shows RAP-PCR fingerprints from the basal part of the crypt versus the lumenal part. Exemplary differentially displayed RAP-PCR products are indicated. The remaining two-thirds of each population were used for the generation of radiolabeled probes for cDNA expression arrays (Fig. 3 ). This fraction was divided into two independent probe-generating reactions. The arrays with the cell cycle-related and the apoptosis-related genes are shown in Figure 4 . Each of the hybridization experiments was performed in duplicate (from LMM to array hybridization). Additional genes with similar levels of difference to the genes indicated as differentially expressed were observed, but the differential expression of these genes was not reproducible in the duplicate hybridization experiments.
Comparative gene expression analysis of intestinal epithelial cells of the basal versus lumenal part of the crypt is shown in Table 1 . In total, we found four genes that were differentially expressed in the basal and lumenal parts of normal colonic crypts using RNA fingerprinting in combination with cDNA hybridization after LMM. Furthermore, five genes were detected in all experiments and were expressed constantly in the lumenal and basal parts of the normal colonic crypt.
In general, approximately 1% of the analyzed cell cycle genes and approximately 1.5% of the apoptosis-related genes were found to be regulated differentially in the basal part of the colonic crypts as compared with the lumenal part of the colonic crypts using one primer combination for RAP-PCR. As shown in Figure 4 , distinct and easily identifiable, differentially expressed genes were observed. The evaluation was performed using the AtlasImage 2.0 software (Clontech), designed for the Atlas cDNA Expression Array. In total, of the 205 apoptosis and 111 cell cycle gene segments spotted onto the Atlas human cDNA expression array membranes, only a small number of expressed genes could be detected. Most of the genes did not show any hybridization signal. The low number of hybridization events may be due to the complexity of the RAP-PCR probe and to the low amount of RNA used.
Validation of Array Data with RT-PCR and Immunohistochemistry
The genes that indicated differential expression in both independent experiments of each RNA were further investigated. RT-PCR with gene-specific primers was used to confirm the differential expression. Figure 5 demonstrates that the differential expressions of c-jun (a), mch4 (b), p58/HHR23B (c), and e2f1 (d), determined by array hybridization, are similar to those found by RT-PCR. Mch4 and c-jun were dominantly expressed in the lumenal fraction, whereas p58/ HHR23B and e2f1 were expressed in the basal fraction of the colonic crypt, confirming the reliability of our array expression profile data.
We also performed immunohistochemical analysis of c-Jun and Mch4 proteins using tissue sections RNA arbitrarily primed PCR (RAP-PCR) fingerprint of the lumenal part (L) versus the basal part (B) of normal colonic crypts. Thirty colonic crypt parts (half-crypts) were isolated from a cryosection during laser-mediated microdissection (LMM). RAP-PCR was performed with OPN23 and OPN21/OPN21-nested primers as described in the "Materials and Methods" section. Each PCR reaction was performed in duplicate. The arrows indicate exemplary differentially amplified fragments that were not further characterized.
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Laboratory Investigation • September 2001 • Volume 81 • Number 9 adjacent to those used for LMM. Similar to the differential expression pattern observed with the cDNA array and the RT-PCR, the cells in the lumenal area of the crypt showed strong immunoreactivity for c-Jun (Fig. 6 , a and b) and for Mch4 (Fig. 6c) , whereas the cells of the basal part of the colonic crypt showed less or no immunoreactivity for these proteins. These results further support the reliability of our array data and demonstrate the specific location of the c-Jun and Mch4 expression.
Discussion
The development of the novel molecular approach to examine differences of gene expression patterns in distinct regions of tissue sections facilitated the analysis of differential gene expression patterns along the axis of the normal colonic crypt. The physiologic regeneration of the colonic epithelium entails proliferation at the crypt base and cell loss by shedding or cell death at the lumenal surface (Potten et al, 1997) . The results of this study allow the elucidation of the complex molecular mechanisms within a normal colonic crypt underlying the processes of proliferation, differentiation, or senescence.
At the base of the crypt, the cell cycle-related gene e2f1, a multifunctional transcription factor that binds to the retinoblastoma tumor suppressor (Helin et al, 1992) , and the mismatch repair-related gene p58/HHR23B that codes for the XP-C repaircomplementing protein (Masutani et al, 1994) were dominantly expressed. Both genes are likely to contribute to the proliferative phenotype of intestinal epithelial cells at the base of the crypt. The expression of other marker genes for proliferating cells, such as ki-61, has been demonstrated at the basal and the middle part of the colonic crypt (Johnston et al, 1989) .
In the lumenal part of the crypt, intensive expression of mch4, encoding an apoptotic cysteine protease that is a precursor of caspase-10, which is designated as the executor of the death program (FernandesAlnemri et al, 1996; Ng et al, 1999) , and intensive expression of the nuclear proto-oncogene c-jun, which also induces apoptosis (Leppä et al, 1998; Pandey and Wang, 1995) , were observed. The localization of mch4 and c-jun expression to the lumenal zone of the crypt illustrates the high rate of apoptosis of intestinal epithelial cells in this area. Other proapoptotic genes, such as bax or bak, are also expressed preferentially at the lumenal part of the crypt (Potten et al, 1997 ). The expression of these genes Experimental design.
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indicates early molecular events of apoptosis at the lumenal surface of normal colonic crypts that are essential for the turnover of epithelial cells. Tissue homeostasis depends on both cell death (lumenal surface) and cell proliferation (crypt base).
Our findings indicate that e2f1, p58/HHR23B, mch4, and c-jun are involved in the normal physiologic regulation processes of normal colonic crypts to maintain the balance between proliferation and apoptosis. However, p58/HHR23B and mch4 might be interesting candidate genes for key mechanisms leading to malignant transformation in the colonic crypt.
The combined use of LMM and cDNA expression arrays provides a unique opportunity to study gene a Numbers represent relative expression levels, generated using the AtlasImage 2.0 Software (Clontech). 11, 21, 31, and 41 correspond to the indications in Figure 4 .
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Laboratory Investigation • September 2001 • Volume 81 • Number 9 expression of subpopulations of cells in their native tissue environment. Using LMM, the genetic analysis of pure and very small cell populations is possible and the limitations associated with in vivo and in vitro studies can be minimized. Because the number of cells obtained by microdissection is usually very low and the corresponding amount of RNA does not usually allow array hybridization, we added RAP-PCR as an amplification step to generate probes sufficient for array hybridization. Trenkle et al (1998) showed that differential screening of arrays can be considerably improved by systematically increasing the contribution of rare transcripts to the probe.
In general, the technique of differential cDNA array hybridization is useful when two biologic conditions are compared (Usui et al, 1996) ; this technique was previously used in cancer research to compare the expression pattern of genes in normal versus tumor tissues (DeRisi et al, 1996; Heller et al, 1997; Oh et al, 1999) . Arrays containing cDNA clones can be used to examine hundreds of genes in a single hybridization procedure (DeRisi et al, 1996; Sehgal et al, 1998; Trenkle et al, 1998) . Furthermore, it was demonstrated that the cDNA array method allows evaluation of alterations in gene expression with a relatively high 
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accuracy (Backert et al, 1999) . However, in contrast with other screening methods, less abundant mRNAs are likely to not be identified during cDNA array hybridization because they vanish within the background of the hybridization signals. Mch4 and c-Jun mRNA and protein are dominantly expressed in the lumenal fraction of the colonic crypt as shown by RT-PCR and immunohistochemistry, confirming the reliability of our combination method. The correlations observed between the cDNA array and RT-PCR analysis data are consistent with that observed by others (Iyer et al, 1999; Luo et al, 1999; Sgroi et al, 1999) . The low number of hybridization events seen in our experiments may be caused by the small amount of RNA used. At present, there are no data on differential gene expression within the colonic crypt. Consequently, we do not know how many genes are involved in physiologic regulation of a crypt. Additionally, the use of nested RAP-PCR for generating cDNA array probes may result in a normalization of mRNA abundance and a reduced number of hybridization signals. When an expanded screening of gene expression is desired, further primer combinations would supply more hybridization events. Nevertheless, no array hybridization would be possible using these low amounts of RNA after LMM without amplification.
Our study reveals that along with original RNA fingerprinting for differential display (McClelland et al, 1995; Welsh et al, 1992) , RAP-PCR in combination with cDNA expression array is a suitable method to identify gene expression profiles in very small and exactly defined tissue compartments obtained by LMM. Furthermore, our findings indicate that p58/ HHR23B and mch4 are candidate genes for involvement in key mechanisms leading to malignant transformation in the colonic crypt.
Materials and Methods
Tissue Sections
Fresh tissue from normal colonic biopsies was placed in embedding medium (Tissue Tek OCT medium, VWR Scientific Products Corporation, San Diego, California) and immediately snapfrozen in n-buthanol cooled by liquid nitrogen. All cryoblocks were stored at Ϫ80°C until cut.
Glass slides were membrane mounted (PEN membrane; P.A.L.M., Wolfratshausen, Germany) and poly-llysine coated (0.2% poly-l-lysine in sterile, DEPC-treated H 2 O) under RNase-free conditions. Cryosections (5 to 8 m) were cut in a cryostat, dehydrated with ethanol or acetone, and stained with hematoxylin and eosin.
Microdissection
LMM was performed using a Robot Microbeam laser microscope (P.A.L.M.). The tissue area of interest was positioned and cut out using a focused, pulsed laser beam. Dissected areas were collected in the cap of a microcentrifuge tube via laser pressure catapulting. The object of interest was catapulted off the slide using a high energy, defocused, short-duration laser pulse, an action that is facilitated by coating the slide with the PEN membrane. The cap with the procured tissue was placed immediately on the microfuge tube containing 300 l of RLT lysis buffer of the RNeasy spin column purification kit (Qiagen, Hilden, Germany), and lysed by mixing. In total, we isolated and pooled 30 to 35 basal and lumenal sections of the crypt of the cryosections of one biopsy of normal colonic mucosa for our experiments.
RNA Extraction
RNA was extracted by silica gel binding using the RNeasy spin column purification kit (Qiagen). To remove the remaining genomic DNA, total RNA was treated with DNase I (Qiagen) at room temperature for 30 minutes. This step was essential because small amounts of DNA can contribute to false results in the RNA fingerprints. Extraction was performed according to the manufacturer's instructions, and RNA was eluted with 30 l of RNase-free water. The 30 l eluate was applied to the column and centrifuged to increase the yield of RNA.
RNA Fingerprinting
RAP-PCR was performed as previously described . Nested RAP-PCR differs from the original RAP-PCR protocol in a modification of the second strand synthesis; the amplification is performed in two steps .
Reverse transcription for first strand synthesis was performed with total RNA using a 10-mer arbitrary primer. Three different arbitrary primers were used in independent experiments: US6 (5'-GTGGTGACAG-3'), US9 (5'-GTGACAGACA-3'), or OPN23 (5'-CAGGGGCACC-3'). RNA (30 l) was mixed with 20 l of reverse transcription mixture for a final 50 l reaction containing 50 mM Tris/HCl pH 8.3, 75 mM KCl, 3 mM MgCl 2 , 20 mM DTT, 0.2 mM dNTP, 2 M primer, and 100 U of MuLV reverse transcriptase (Promega, Madison, Wisconsin) . To exclude DNA contamination, a reverse transcriptase-free control reaction was included in the RAP-PCR experiments. The reaction was carried out at 37°C for 60 minutes, after a 5-minute ramp from 25°C to 37°C; inactivation of the reaction was performed at 68°C for 15 minutes. The synthesized cDNA was purified by precipitation and resolved in 30 l of nuclease-free water.
PCR for second strand synthesis was performed using a nested PCR strategy. In the first step, a preamplification was achieved by 15 cycles with a 10-mer arbitrary primer (OPN21; 5'-ACCAGGGGCA-3'). The cDNA (30 l) was mixed with 20 l of PCR mixture for final concentrations of 10 mM Tris/HCl pH 8.3, 10 mM KCl, 4 mM MgCl 2 , 0.2 mM dNTPs, 4 M primer, and 2.5 U of AmpliTaq DNA polymerase Stoffel fragment (Perkin Elmer, Norwalk, Connecticut). Cycling conditions were 94°C for 30 seconds, 35°C for 30 seconds, and 72°C for 60 seconds. The PCR product was purified by precipitation and resolved in 30 l of nuclease-free water. Ten microliters of the product of the first amplification step was used for the second amplification step with a nested 10-mer arbitrary primer (OPN21 nested; 5'-CCAGGGGCAC-3'). The nested primer (OPN21 nested) had one additional nucleotide at the 3'-end of the first primer sequence (OPN21). The reaction was carried out in a volume of 20 l containing 10 mM Tris/HCl pH 8.3, 10 mM KCl, 4 mM MgCl 2 , 0.2 mM dNTPs, 4 M primer, 2.5 U of AmpliTaq DNA polymerase Stoffel fragment (Perkin Elmer), and 2 Ci of [␣-32 P]dCTP (3000 Ci/mmol, 0.2 l, Amersham, Freiburg, Germany). Cycling conditions were 35 cycles of 94°C for 30 seconds, 35°C for 30 seconds, and 72°C for 60 seconds. All reactions were carried out in duplicate to test the reproducibility and stability of the RNA fingerprint.
An aliquot of the PCR reaction was mixed with loading dye, denatured (94°C for 3 minutes), and loaded onto on a 8 M urea, 5% polyacrylamide gel, prepared with Tris-borate-EDTA buffer. Electrophoresis was performed at 45°C and 100 W for approximately 90 minutes. The gel was dried under vacuum at 80°C and exposed to a BioMax X-Ray film (Kodak, Stuttgart, Germany).
Atlas cDNA Expression Array
Two Atlas human cDNA expression arrays (Clontech, Palo Alto, California) designed for evaluation of different molecular expression patterns were used: arrays of 205 known apoptosis-related genes; and arrays of 111 known cell cycle-related genes.
Preparation of Hybridization Probe. The hybridization probe was generated by an amplification of the cDNA via nested RAP-PCR. The PCR product of the first amplification step was amplified in a 20-l reaction, as described above, using 28 Ci of [␣-32 P]dATP (3000 Ci/mmol, 2.8 l, Amersham) for labeling instead of the 2 Ci of [␣-32 P]dCTP (3000 Ci/mmol, 0.2 l, Amersham) used for RNA fingerprinting. After confirmation that the RAP-PCR was successful (via gel electrophoresis and autoradiography), the PCR reaction was purified from unincorporated 32 P-labeled nucleotides and small DNA fragments (Ͻ 0.1 kb) by column chromatography using Chroma spin-200 DEPC-H 2 O columns from Clontech, per manufacturer's instructions.
Hybridization. The RAP-PCR product was hybridized to the Atlas human cDNA expression array membranes in roller bottles. The filters were prehybridized in 6 ml of prewarmed (68°C) hybridization solution (ExpressHyb Hybridization Solution, Clontech) containing 100 g/ml fragmented denatured salmon sperm DNA (Sigma, Deisenhofen, Germany) for approximately 30 minutes. The labeled hybridization probe (200 l) was denatured by adding 20 l of 10x denaturing solution (1 M NaOH, 10 mM EDTA) and incubated at 68°C for 20 minutes. Five microliters of sheared human genomic DNA (Clontech) and 225 l (an equal volume) of 2x neutralizing solution (1 M NaH 2 PO 4 pH 7.0) were added. The reaction was incubated for 10 minutes at 68°C and immediately added to the hybridization solution and the prehybridized filters. The filters were hybridized overnight with the radiolabeled probe.
Wash. The filters were washed three times in wash solution 1 (2x SSC and 2% SDS) for 30 minutes at 68°C each. Two washing steps were performed with wash solution 2 (0.1x SSC and 0.5% SDS) at 68°C for 20 minutes and one step for 5 minutes at room temperature in 2x SSC and the filters were exposed to a Phosphor-Imager-Screen (Molecular Dynamics, Sunnyvale, California) for approximately 5 days.
Data Analysis. Analysis of the scanned PhosphorImager-Screen was performed using the Ambis software (ImageQuant, Molecular Dynamics). Evaluation was performed using the AtlasImage 2.0 software, developed specifically for analysis of the Atlas cDNA Expression Arrays (Clontech).
Confirmation of Differential Expression Using Gene-Specific RT-PCR
The first level of confirmation was achieved by performing each experiment in duplicate (from microdissection to array hybridization), in two parallel reactions under the same conditions. Only those hybridization results that indicated differential expression (2-fold or more disregulation) in both reactions were regarded as valid. Because the sequence information of all clones spotted on the filters is known, gene-specific primers for RT-PCR can be designed immediately.
RNAs were reverse transcribed as described above for RAP-PCR. The PCR reaction was performed using the Qiagen supermix (Qiagen) with a gene-specific forward (mch4_f 5'-GACGAAAGTGGAAATGGAGA-3', c-jun_f 5'-ATGAGGAACCGCATCGCTG-3', p58/ HHR23B_f 5'-GCAACTACGACAGCAACAAC-3', or e2f1_f 5'-GCTGGACCACCTGATGAATA-3') and reverse (mch4_r 5'-GAGACTGAATATACCAGCTG-3', c-jun_r 5'-TAGCATGAGTTGGCACCCACTG-3', p58/HHR23B_r 5'-TGGCAGCCAAATTCTCATTC-3', or e2f1_r 5'-GATCTGTGGTGAGGGATGAG-3') primer. The following PCR conditions were used: 40 cycles of 94°C for 30 seconds; 53°C (p58/HHR23B), 55°C (mch4 and e2f1), 58°C (c-jun) for 30 seconds; and 72°C for 60 seconds. As a control, the housekeeping gene ␤-actin was amplified using primers from Clontech.
Confirmation of Differential Expression Using Immunohistochemistry
Immunohistochemistry was performed with monoclonal antibodies against p-c-Jun (Santa Cruz Biotechnology, Santa Cruz, California) or polyclonal antibodies against the caspase-10 precursor, Mch4 (Santa Cruz Biotechnology) using the AEC (3-amino-9-ethylcarbazole) substrate kit for peroxidase (Vector Laboratories, Burlingame, California). Snap frozen sections were cut (4 to 6 m), fixed for 5 minutes in acetone, and covered with a 4% non-fat dry milk and 2% normal goat serum buffer for 30 minutes at room temperature to block nonspecific binding. After rinsing Lechner et al in Tris-NaCl pH 7.6, the slides were incubated for 45 minutes at room temperature with the primary antibodies diluted 1:50 to 1:200 in Tris-NaCl containing 2% non-fat dry milk. The slides were rinsed in TrisNaCl and incubated for 30 minutes at room temperature with secondary biotinylated anti-mouse and antirabbit IgG antibodies, respectively (Pharmingen, San Diego, California), in a 1:400 dilution in Tris-NaCl containing 2% non-fat dry milk. Incubation with the AEC substrate was performed for 30 minutes at room temperature. The color development (varying from 10 to 30 minutes) was stopped after microscopic examination by washing with water. The slides were immediately mounted (Gel Mount; Biomeda, Foster City, California) after staining with hematoxylin.
